The regulation of iron stores in man is normally a well maintained equilibrium between iron absorption and iron loss. In the adult male the total loss of iron from the body rarely exceeds 1 mg/day and this is replaced by the absorption of 5-10% of the normal dietary iron intake of 15 mg/day. In haemochromatosis this regulating mechanism is impaired and excessive accumulation of iron occurs as the storage compounds ferritin and haemosiderin. Over a period of time the normal total body iron of 3--4 g may increase to as much as 25 g. This excess iron is stored throughout the body particularly in the tissues ofthe liver, pancreas, myocardium and the endocrine organs.
It is convenient to classify iron overload states into primary idiopathic haemochromatosis, of which the aetiology is unknown, and those in which the development of haemochromatosis is a secondary phenomenon (Table 1 ). In the patients with secondary iron overload haemosiderosis usually occurs; that is, there is iron overload without tissue damage, whereas in idiopathic haemochromatosis tissue damage is, by definition, present. Occasionally in a secondary iron overload state tissue damage occurs, but this is rare. 
Cirrhosis with siderosis
Alcoholic cirrhosis may be associated with a secondary siderosis. This may be due to the high iron content of certain wines or to the stimulant effect of alcohol on iron absorption. Charlton et al. (1964) demonstrated that alcohol could increase the Paper rcad at Southern Eniland and South Wales Resional Mcctlnll. London, July, 1969. 86 absorption of ferric iron in fasting subjects probably by stimulating gastric acid secretion. In other forms of cirrhosis, iron overload may also occur, and it has been shown that increased iron absorption may be present, regardless of the state of the iron stores (Conrad et al., 1962; Greenberg et al., 1964; Williams et al., 1967) . Sabesin and Thomas (1964) described two patients in whom marked iron overload, similar to that found in idiopathic haemochromatosis, was found at autopsy, both of whom had only minimal quantities of iron in a liver biopsy several years previously. It is possible that the increased iron absorption may be due to the pancreatic insufficiency which is known to occur in many patients with cirrhosis (Sobel and Waye, 1963) . Several groups have reported a reduction in the increased iron absorption found in cirrhotic patients following the administration of pancreatin or duodenal juice (Callendar and Malpas, 1963; Linscheer et al., 1964; Davis and Biggs, 1964) .
Patients who have previously undergone a portocaval shunt operation may also develop hepatic siderosis. Whether this is due to the pre-existing hepatic cirrhosis or altered haemodynamics is not clear, but it may be precipitated by a continuation of increased iron absorption not balanced by iron loss.
Sideroblastic anaemia
In sideroblastic anaemia secondary iron overload may occur in association with marrow hyperplasia and ineffective erythropoiesis. Although iron absorption may be increased in some patients, it is not a regular feature (Brain and Herdan, 1965) . Some part of the excess iron may be derived from the large quantities of therapeutic iron which many of these patients receive prior to the diagnosis being established.
Bantu siderosis
In the siderosis which occurs in the Bantu (Bothwell and Isaacson, 1962) , the excess iron is derived from the iron cooking utensils and the high iron content of Kaffir beer. Cirrhosis is infrequent but heavy siderosis can occur even in the absence of liver damage. Many of these patients also have nutritional deficiencies including scurvy, Osteoporosis is common.
Haemolytic anaemia
In thalassaemia major and hereditary spherocytosis a secondary haemochromatosis may occur. Barry and his colleagues (1968) described five patients with hereditary spherocytosis who had developed haemochromatosis. Ellis, Schulman, and Smith (1954) reported a similar feature in patients with thalassaemia major. The iron in these patients may be derived from red cell breakdown with increased iron absorption, from therapeutically administered iron, or from both.
Transferrin deficiency
Heilmeyer et al. (1961) described a girl with a chronic refractory anaemia associated with transferrin deficiency. Both parents had low transferrin levels. At autopsy the girl had a cirrhosis with pancreatic fibrosis, and it was postulated that an ironleak occurred from the plasma into the tissues.
PRIMARY IDIOPATHIC HAEMOCHROMATOSIS
In idiopathic haemochromatosis the main clinical features are cirrhosis with grade 4 iron deposition (Scheur, Williams, and Muir, 1962) in the liver. Cutaneous pigmentation, diabetes mellitus, hypogonadism, cardiac involvement or an arthritis may or may not be present.
The aetiology of idiopathic haemochromatosis is disputed. MacDonald (1964) maintains that this is a variant of nutritional cirrhosis which occurs in subjects exposed to a high intake of alcohol and iron. The finding of iron overload in alcoholic cirrhosis supports this hypothesis, whilst Finch and Finch (1955) noted that over 30% of their patients with idiopathic haemochromatosis had an excessive alcohol intake. The high alcohol content of some wines (MacDonald, 1964) and the known effect of alcohol in increasing iron absorption (Charlton et al., 1964) are felt to support this, together with the known increased iron absorption in some patients with liver disease and with chronic pancreatitis (Davis and Badenoch, 1962) . However, this does not explain the occurrence of idiopathic haemochromatosis in patients who have drunk little or no alcohol who represent almost 70 % of the patients in this country.
The alternative hypothesis is that idiopathic haemochromatosis is a heredofamilial disorder. Several reports have described the occurrence of multiple instances of the disease in several generations of the same family and in sibs (Petersen, 1960; Dillingham, 1960; Johnson, Bridgeport, and Frey, 1962) . Systematic family studies have revealed the 87 presence of hepatomegaly, diabetes, raised serum iron levels or pigmentation (Debre et al., 1958; Morgan, 1961) . In a study of 46 relatives of 16 patients with idiopathic haemochromatosis Williams, Scheur, and Sherlock (1962) found 28 with excess liver iron who were otherwise well. One relative had a cirrhosis with marked iron overload. The same authors suggested that idiopathic haemochromatosis was an intermediate characteristic, and that the mildly affected relatives represented the heterozygous state.
ASSESSMENT OF Bony IRON STORES Iron excretion induced by the specific iron chelating agent desferrioxamine has been shown to be a reflection of body iron stores. Verloop (1964) and Vannotti (1964) suggested that this might differentiate between haemochromatosis and cirrhosis with siderosis, although Walsh, Mass, Smith, and Lange (1965) have disagreed with this. The development by Fielding (1965; 1967) of the differential ferrioxamine test in which a marker dose of 69Fe ferrioxamine is given simultaneously with the desferrioxamine has proved a reliable index of body iron stores. Smith, Studley, and Williams (1967) demonstrated a correlation between chelatable body iron (Fv) and the liver iron content, as judged by a histological grading technique (Fig. 1) . Serum iron and the percentage saturation of the iron binding capacity of the serum are often regarded as good indices of body iron stores. However, when the Fv value was compared with the percentage saturation of the iron binding capacity (Fig. 2) it (LlFv). A highly significant relationship was established (Fig. 3) Siderosis in liver biopsy specimens can be graded by using a prussian blue stain on histological specimens. Dymock et al. (l970b) were able to establish a close correlation between the histological grading and the actual iron content of the biopsy as measured by an atomic absorption spectrophotometer following a wet-ashing procedure. This latter technique is proving particularly useful and only half of a standard liver biopsy specimen is required. is evident that, although there is a relationship between the two, the scatter is wide and that for any given Fv value there can be marked variation in the percentage saturation. This discrepancy is particularly noticeable in the early period of iron reaccumulation after venesections when there may be a rapid rise in the serum iron and the percentage saturation of the iron binding capacity before any significant rise in the chelatable iron level. That the differential ferrioxamine test is a reliable index of body iron stores was demonstrated by Smith et al. (I969b) in a study in which serial measurements of the Fv value were made during the course of venesection therapy. The actual amount of iron removed was calculated from the haemoglobin concentration and the volume of the venesected blood, and this was compared with the change in the Fv value IRON ABSORPTION Under normal circumstances iron loss from the body is restricted to small amounts, but only a slight increase in iron absorption over a prolonged period of time would be necessary to produce the iron accumulation that occurs in haemochromatosis. When iron absorption is studied at the time of diagnosis of haemochromatosis, it is usually normal (Smith, Godfrey and Williams, 1969a) , although younger patients, who might not have reached the point of saturation, may show increased absorption Smith, Godfrey and Williams, 1969a) . Venesection therapy produces a striking increase in iron absorption which is probably due to marrow hyperplasia and increased plasma iron turnover. When venesections are discontinued, iron absorption tends to fall (Fig. 4) and may eventually return to normal levels although in our experience this may take many years. In a series of 16 patients followed over a period of time, 11 showed a steady and progressive fall in iron In patients with haemochromatosis iron tends to reaccumulate once venesections are discontinued. The rate of iron reaccumulation can be measured by serial measurements of chelatable body iron stores, obtaining from these an increment index (p.g/kg/month). In Table 2 various parameters of iron metabolism are shown during the period of iron reaccumulation from less than one to over five years. Mean values have been recorded throughout. With time there is a progressive fall in the rate of iron reaccumulation so that after five years iron stores are increasing only slightly. Associated with this there is as already mentioned an inconstant decrease in iron absorption suggesting that increased iron loss may be occurring, particularly in later years.
In a subsequent study it was possible to demonstrate increased iron loss in a group of seven patients. Following intravenous injection of 69Fe ferric citrate, total body radioactivity was measured in a whole body counter for up to a year. The results were compared with six healthy adults. Increased iron loss occurred in the haemochromatosis patients after the 22nd week (Dymock et al., 1970b) . absorption with time ( Fig. 5) although in only two of these did absorption return to normal levels, Davis, Luke, and Deller (1966) demonstrated the presence in gastric juice of a substance, gastroferrin, which binds iron. They found that gastroferrin was absent from the juice of patients with haemochromatosis or iron deficiency anaemia and postulated that its role was to bind iron, rendering it nonabsorbable. Wynter and Williams (1968) (Fig. 6) . The same authors also showed that the binding affinity for iron was most active when the iron was present in low concentrations and any increase in iron concentration produced a reduction in the quantity of iron bound. This, they felt, was not in keeping with the behaviour of a true binding agent. Morgan and his colleagues (1969) subsequently postulated that this loss of binding ability at high concentrations of iron was due to precipitation by the added iron of the iron held in solution by the gastroferrin. They were subsequently able to show that this was a characteristic of the carbohydrate content of the juice and not related to the protein CONTROL Regardless of the mechanisms by which the excess iron has accumulated it is quite certain that it should be removed. The only effective means of accomplishing this is by venesection therapy. Most of our patients are bled one pint of blood per week until the iron stores are depleted and they tolerate this well. Each pint of blood removed effectively eliminates approximately 250 mg of elemental iron though with body stores increased to 10-20 g
TREATMENT OF HAEMOCHROMATOSIS
Patients with haemochromatosis may develop a disabling arthropathy. This affects principally the metacarpo-phalangeal joints 1mt any other joint may be involved though much less frequently. Almost half of our patients have developed this complication (Dymock et al., 1970a) and it is much more frequent in those patients whose first symptom of haemochromatosis occurred after their fiftieth birthday. The radiological appearances are those of cyst formation and sclerosis in the subchondral bone with loss of articular cartilage. Chondrocalcinosis due to calcium pyrophosphate deposition may occur especially in the larger joints (Hamilton et al., 1968) . Venesection therapy does not appear to influence the arthropathy. THE ARTHROPATHY OF HAEMOCHROMATOSIS level. Rudzki and Deller (1969) have now reported that they have isolated and partially purified gastroferrin. It appears to consist mainly of carbohydrate residues including glucosamine, galactosamine, sialic acid, fucose and galactose. The protein content appears minimal by the Lowry method but hydrolysis yields amino acids.
Although hydrochloric acid will stimulate the absorption of inorganic iron (Jacobs, Bothwell, and Charlton, 1966) and in iron deficiency anaemia iron absorption can be related to the maximal acid output (Jacobs, Rhodes, Peters, Campbell, and Eakins, 1966) there appears to be a further factor in gastric juice which will stimulate iron absorption. Murray (1965) and Murray and Stein (1968) demonstrated that neutralised gastric juice from patients with iron deficiency anaemia would stimulate iron uptake by everted gut sacs. However, this does not appear to be the factor responsible in haemochromatosis as Smith, Studley, and Williams (I969c) were unable to demonstrate any increased uptake by rat gut sacs when the juice from patients with haemochromatosis was added. In particular no correlation was evident between an index of mucosal iron uptake and the known iron absorption value in the patient whose juice was under test. bleeding may take up to two years to produce the desired effect. Venesection therapy markedly improves survival in haemochromatosis and in one recent series (Williams et al., 1969) the five-year mortality in venesected patients was 11 %compared with 67 %in those not bled.
HAEMO-CHROMATOSIS

SUMMARY
In haemochromatosis body iron stores can be readily assessed using the differential ferrioxamine test which will differentiate between idiopathic haemochromatosis and iron overload secondary to previous liver damage. Determination of the serum iron concentration and the percentage saturation of the iron binding capacity has proved a poor guide to the level of saturation of body iron stores. Iron absorption in haemochromatosis is usually normal at the time of diagnosis, increases with venesection therapy and subsequently returns slowly towards normal as iron stores again saturate. Iron reaccumulates after venesections are discontinued though the rate of increase in stores is maximal in the first few years. Venesection therapy provides a simple and reliable method of treatment.
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